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Origins: Sea-level observation 
(“bench” is old word for shore)

Tasmanian coastal
Benchmark c.1841



Familiar Benchmarks: IQ



Climate Change

Europe Summer Temperatures: 2003





Huggies: Diaper Size as 
Function of Child Weight (?!@#)

Nice chart; dubious value in real world
(Do parents even pick diapers based on child’s weight?)



Benchmarks are Everywhere



Familiar Energy Benchmarks …
…Fundamental differences in approach



Why Benchmark Energy Use?
Establish baseline and track 
performance
Thumbs up/down rating
Commission & validate 
design intent
Identify best practices; set 
goals or standards
Identify savings potential
Prioritize efforts
Identify maintenance and 
control problems
Educate; Inspire; Embarass!
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Energy benchmarking is one part of a broader energy management process



Targets



Benchmarks Can Provide a 
“Reality Check” for planners



Benchmarking Can Be Done 
at Any Scale

 
 Global CO2/Capita

 Chiller efficiency



Lateral vs. Longitudinal:
e.g. Oil Refineries

Comparing “peers” at 
one point in time

Following “fleet-wide” 
trends over time



Approach to benchmarking 
depends on the purpose

Benchmarking scale 
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high 

low 
Campus Building System Component 

Simple EUI Statistics 

Regression Models  
w/ more 

normalization 

Regression Models  
w/ less normalization 

Model-based 
benchmarking 

Features-based benchmarking 

Detailed 
energy 
audit 



Choice of Benchmark 
Determines Conclusion

Source: USDOE/EIA

Average US fuel 
economy increasing, 
then flat

Average US vehicle 
fuel use declining, 
then rising

1977-1995



Choice of Indicator is Key
Annual Energy Consumption per square meter
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Source: The Energy Data and Modeling Center, 2001

Energy Consumption per meal
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Energy per unit floor area Energy per meal

Café ranks “best” by one benchmark and “worst” by the other



Beyond “Apples & Oranges”:
Pippins and Granny Smiths

Energy Use per Meal in kWh

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Rösti with vegetables

Spaghetti with chicken, vegetables and cream

Cheese ravioli with tomato sauce

Lamb filet (from NZ) with vegetables and french fries

Macaroni with cream,cheese and onions

Viennese Schnitzel with vegetables and french fries

Pasta with minced meat

Spätzle Goreng with vegetables and chicken

Vegetarian Samosas with salad

Liver with Rösti

Mixed salad with fried pieces of trout

Big leaf salad 

Garlic bread (starter)

Italian vegetable soup (starter)

Antipasto Grande (Italian starter)

Dried vegetables in olive oil (starter)

Rocket salad with parmesan (starter)

Mixed salad (starter)

Green Salad (starter)

Storage,Cooling and Washing Energy in Restaurant Cooking Energy Indirect Energy Use (Production & Transport) 

Data for Switzerland.  Source: Balmer and Hintermann, 2000



End-Use Intensities
 Hawaiian Grocery Stores (kWh/ft2-year)
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Intensities x Enterprise
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Sofitel 4* 
4****

Novotel *** Mercure 2/3***

Ibis 2**

average average

Energy per meal for 36 hotels, France

Source: Le Strat et al., (1999)

category conservation cooking dishwashing total standard
of hotels kWh/meal kWh/meal kWh/meal kWh/meal deviation

2** 0.44 2.08 0.25 2.77 0.94
2**/3*** 3.81 3.89 0.25 7.95 2.18

3*** 3.67 3.99 0.21 7.86 1.47
4**** 2.53 3.92 0.13 6.58 2.13

Std. Dev. 34%              27%                       19%                            32%



Tschudi and Xu, ASHRAE Transactions, KC-03-9-4 (2003)

Delivery of Service Levels: 
CleanroomsAir movement CFM/kW (higher is better)



Some “Energy” Benchmarks 
Don’t Even Include Energy

Tschudi and Xu, ASHRAE Transactions, KC-03-9-4 (2003)

Air-changes per hour in Cleanrooms



Component Benchmarking:
Cleanroom Chiller Efficiencies

Tschudi and Xu, ASHRAE Transactions, KC-03-9-4 (2003)

kW/ton (lower is better)



Cleanroom Energy Metrics
•Recirculation air handler efficiency •cfm/kW
•Makeup air handler efficiency •cfm/kW
•Annual energy cost per cleanroom square foot •$/ft2

•Annual fuel usage •MBtu/ft2-yr
•Annual electricity usage •kWh/ft2-yr
•Annual energy usage •MBtu/ft2-yr
•Makeup air •cfm/ft2

•Recirculation air •cfm/ft2 or ach
•Chiller efficiency •kW/ton
•Tower efficiency •kW/ton
•Condenser water pump efficiency •kW/ton
•Chilled water pump efficiency •kW/ton
•Total chilled-water plant efficiency •kW/ton
•Hot water pumping efficiency •kW/MBtu
•Cooling load density •ft2/ton
Tschudi and Xu, ASHRAE Transactions, KC-03-9-4 (2003)



From Benchmarking to Best 
Practices

Laboratory Ventilation W/cfm

standard

good

better

Standard, good, better benchmarks as defined in 
“How-low Can You go: Low-Pressure Drop Laboratory Design” 
by Dale Sartor and John Weale, ASHRAE Journal
  



Action-oriented Benchmarking
Site BTU/sf-yr

Ventilation
 kWh/sf-yr

Peak cfm/sf

Peak W/cfm

Fume hood 
density

Avg/Peak 
cfm ratio

Fan 
efficiency

Pressure 
drop

Cooling
 BTU/sf-yr

Potential to improve fan efficiency 

Potential to reduce energy use through 
ventilation system efficiency improvements 

Potential to reduce energy use through operational practices 
e.g. by optimizing ventilation rates

Potential for energy efficiency in ventilation system

Overall potential for building-wide energy efficiency

Potential to reduce system pressure drop 

Impact of fume hoods on ventilation energy use 

Effectiveness of VAV fume hood sash management 



Action-oriented benchmarking 
Compliments other assessments

Whole Building 
Energy Benchmarking

Action-oriented 
Energy Benchmarking

Investment-Grade
Energy Audit

Screen facilities for overall 
potential

0.5-2 day FTE

Minimal data requirements
(utility bills, building 
features)

Identifies and prioritizes 
specific opportunities

2-10 day FTE

Requires sub-metered end-
use data ; may require 
additional data logging

Highly applicable for RCx 
and CCx

Estimates savings and cost 
for specific opportunities

10-20 day FTE

Requires detailed data 
collection, cost estimation, 
financial analysis

Necessary for retrofits with 
capital investments





EnergyIQ Services
 Onion-layer approach (more input = more feedback)

• Cross-sectional (current) and Longitudinal (historical) 
benchmarking and trending

• Handle portfolios of projects and evaluate performance 
within an enterprise

• Batch upload of pre-existing data (incl. from E*/PM)

• Export of results to Excel

• User-defined facility boundaries, metrics, targets

• High-level “roll-up” dashboards for upper-managers

• Evergreen log of “implemented” measures as well as 
“recommended”, and “rejected” ones

• APIs and web services for 3rd-party web developers



Peer-comparison datasetseui_wb
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California Office Buildings

Good Practice
35 kBtu/ft2-year

Typical
60 kBtu/ft2-year

Your Building
58 kBtu/ft2-year

Source: CEUS

CEUS – California (now online)
2800 facilities
On-site survey of building features
End use data from calibrated simulation models

CBECS – National (now online)
5215 facilities
Less data on building features than CEUS
End use data from regression models

Other datasets (future)
High tech buildings – labs, cleanrooms, datacenters
User data



 Whole Building Energy Intensity 
 Overall Efficiency Potential



 Whole Building Energy Intensity 
 Overall Efficiency Potential



 Whole Building Energy Intensity 
 Overall Efficiency Potential by Vintage



 Whole Building Energy Intensity 
 Overall Efficiency Potential by Climate



End-Use Energy Intensity 
 System Efficiency Potential



Benchmark                                >                               >     >                           >Metric/Feature ViewPeer Group Units

Base Dataset

California only (CEUS)

U.S. National (CBECS)

All Users of EnergyIQ

Customize...

Vintage  

1991 through present

1979 through 1990

1941 through 1978

1901 through 1940

Pre-1900

Unknown

Floor Area  

0 - 25,000 sf

25,001 - 150,000 sf

Over 150,000 sf

Location  

California [Map]

By ZIP

Facility Type  

Cleanroom

College

College or University

Vocational or Trade School

Data Center

Laboratory

Restaurant

Fast Food or Self Service

Specialty/Novelty Food Service

Other Food Service

Bar/Tavern/Nightclub/Other

Table Service

Food Store

Fast Food or Self Service

Supermarkets

Small General Grocery

Convenience Store

Other Food Store

Liquor Store

Specialty/Ethnic Grocery

Healthcare

Hospital

Clinic/Outpatient Care

Medical/Dental Lab

Nursing Home

Lodging

Hotel

Other Lodging

Resort

Motel 

Office

Administration and 

      Management

Financial/Legal

Insurance/Real Estate

Government Services

Software Development

Medical/Dental Office

Assorted/Multi-tenant

Other Office 

Retail

Fast Food or Self Service

Department / Variety Store

Retail Warehouse/Clubs

Shop in Enclosed Mall

Shop in Strip Mall

Other Retail Store

Auto Sales

 

Public Assembly

Library / Museum

Conference/Convention Center

Religious Assembly (mixed use)

Movie Theaters

Health/Fitness Center

Religious (worship only)

Theater / Performing Arts

Community Center

Other Recreation/Public 

           Assembly

School

Daycare or Preschool

Elementary School

Middle / Secondary School

Warehouse (Refrig)

Warehouse (Non-Refrig)

Unconditioned WH, High Bay

Conditioned WH, Low Bay

Unconditioned WH, Low Bay

Conditioned WH, High Bay

Miscellaneous

Gas Station / Auto Repair

Gas With Convenience Store

Repair (Non-Auto)

Other Service Shop

Assembly / Light Mfg.

Police / Fire Stations

Post Office

Other Unlisted Type

Current Peer group:  23 Buildings



Benchmark                                >                               >     >                           >Metric/Feature ViewPeer Group Units

Customize...

Current Peer group:  23 Buildings

Multi-Zone Air Handlers

System type

Age

Hours

Temp Control

Optimal start/stop

Economizer type

Outside Air

Supply Fan Motor Eff

Supply Airflow Efficiency

Supply fan control (VAV)

Return Fan Motor Eff

Return Airflow Efficiency

Return fan control (VAV)

Cooling Type

Cooling Efficiency

Heating Type

Heating Fuel

Heating Efficiency

Perimeter terminal type

Perimeter reheat fuel

Perimeter VAV min ratio

Interior terminal type

Interior reheat fuel

Interior VAV min ratio

Lighting

Lamp

Ballast

Control

Hours of Use 

Plug & Process Loads

Office Equip. Intensity

Food Service Equip. Intensity

Refrigeration Intensity

Single-Zone Air Handlers

System type

Age

Hours

Temp Control

Optimal start/stop

Economizer

Outside Air

Supply Fan Motor Eff

Supply Airflow Efficiency

Return Fan Motor Eff

Return Airflow Efficiency

Cooling Type

Cooling Efficiency

Heating Type

Heating Fuel

Heating Efficiency

HP Soft Start

Features
Envelope

Roof Insulation

Wall Insulation

Glazing Type

Exterior Shading

Interior Shading

Chilled Water

Chillers

Chilled Water Pumps

Heat Rejection

Hot Water / Steam

Boiler

Pumps

Hot Water / Steam

Boiler

Pumps

Service Hot Water

Type

Fuel Type

Age

Efficiency

Temperature

Tank Insulation

Pipe Insulation

Recirculation Pump Type

Metrics
Total Energy

Total Electricity

Total Fuel

Total

Electricity

Fuel

Lighting

Heating

Cooling

Ventilation

Service Hot Water

Office Equip.

Refrigeration

Cooking

Motors

Air Compressors

Process

Miscellaneous

Peak Electricity Demand

End Uses

End Use Breakout

Select Units >>



Benchmark                                >                               >     >                           >Metric/Feature ViewsPeer Group Units

Site Energy

kWh/sf-yr

kBTU/sf-yr

MJ/sq.m-yr

kWh/sq.m-yr

Source Energy

kBTU/sf-yr

MJ/sq.m-yr

kWh/sq.m-yr

Cost

$/sf-yr

$/sq.m-yr

Emissions

lbs. CO2/sf-yr

lbs. CO2e/sf-yr

kg. CO2/sq.m-yr

kg. CO2e/sq.m-yr

<< Select Metric / Feature Select Views >>



Benchmark                                >                               >     >                           >Metric/Feature ViewsPeer Group Units

Customize...

Point in time

Text summary

Range bar chart

Ranked bar chart

Frequency distributio

Over time

Raw data

Deviation from peers

Deviation from target

Example

<< Select Metric/Feature Show Benchmark >>





INDIVIDUAL BUILDINGS







emills@lbl.gov

http://evanmills.lbl.gov

http://energybenchmarking.lbl.gov

Thank You!


